Objectives. We estimated overweight and obesity in New York City elementary school children.
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| Lorna E. Thorpe, PhD, Deborah G. List, PhD, Terry Marx, MD, Linda May, MA, Steven D. Helgerson, MD, and Thomas R. Frieden, MD country, but more tailored information is often needed for smaller regions to allow targeted local evaluation and intervention. New York City is a large, multiethnic metropolitan area, with more than 550 000 public elementary school children. Routine surveillance on the prevalence of childhood obesity and overweight has not been conducted; thus, the magnitude of the problem can be determined only through special studies.
In May 2003, the New York City Department of Health and Mental Hygiene (DOHMH) and Department of Education conducted a height and weight survey in New York City public elementary schools, including children from all grades from kindergarten through fifth grade. The objective was to estimate the prevalence of obesity by gender, grade, and race/ ethnicity, as well as to ascertain whether a substantial change in prevalence had occurred since the last such survey, conducted in 1996. 11 Findings from that survey identified that 20% of elementary school children surveyed in New York City (third-and sixth-grade students) were obese. Results of the 2003 survey are the subject of this article.
METHODS

Study Sample
This height-and-weight survey was conducted with a stratified, multistage, probability sample of elementary public school children in New York City. A total of 736 elementary schools were listed and enumerated (all New York City public schools, excluding special education schools), and 70 schools were randomly selected by means of Microsoft Excel-generated random numbers.
From the sampled schools, classes were then selected for inclusion into the study. The process for classroom selection was designed to minimize the burden on schools and to ensure adequate representation across all 6 grades. For each of the 70 schools, 2 grades were selected, by means of systematic assignment of the following groupings: kindergarten and third grade, first and fourth grade, and second and fifth grade. These groupings were applied sequentially to the list of sampled schools. For each school, a list of all classes in the 2 grades was generated, and 1 class in each grade was randomly selected with the Childhood obesity is a rapidly worsening epidemic in the United States. Findings from the most recent National Health and Nutrition Examination Survey (NHANES) indicate that in 1999-2000, the prevalence of obesity among children aged 6 through 11 years was 15%. 1 Obesity during childhood has important short-term medical consequences, including adverse effects on growth, blood pressure, blood lipids, and glucose metabolism. 3, 4 Other complications include respiratory conditions, such as asthma and obstructive sleep apnea. 5, 6 The long-term medical consequences of childhood obesity are also substantial and include a greater risk of hypertension, diabetes, cardiovascular disease, gall bladder disease, and osteoarthritis in adulthood. 5, 7 Childhood obesity also has been shown to have important shortand long-term psychosocial consequences, such as negative self-image, decreased self-esteem, eating disorders, and lower health-related quality of life. 8, 9 For obese children, the probability that obesity persists into adulthood increases with a child's age, from 20% among obese 4-year-olds to 80% among obese teenagers. 10 This suggests that a brief yet critical window of opportunity for prevention and intervention exists during childhood if poor health consequences are to be reduced. National surveys provide important information on prevalence and trends for the  ADDRESSING CHILDHOOD OBESITY  same random selection techniques described earlier. A total of 140 classes, 2 from each school, was selected. For each of the selected classrooms in the sample, demographic information on all officially enrolled students was obtained before data collection, including gender, date of birth, and race/ethnicity. Demographic information on students not found on official rosters but currently enrolled in that class was obtained from the classroom teachers.
Data Collection
Public health nurses employed by DOHMH were used to collect measurement data. The same model of Healthometer scale (Model 402KL, Sunbeam Products Inc.) was used in each school. New scales were provided to all schools with existing scales that were purchased before the 2000-2001 school year, or to schools with scales in poor condition. All nurses attended a 2-hour training session on data collection procedures 1 week before initiating the survey; the session addressed measurement protocols and scale calibration. Nurses were trained to calibrate, or tare, according to manufacturer's instructions. Measurement protocols required that each child be measured to the nearest quarter inch for height and quarter pound for weight, without wearing shoes or heavy clothing.
Nurses measured the height and weight of all children in each of the sampled classrooms. Schools without a DOHMH nurse presence were given the choice of conducting the measurement themselves or having a nurse come into the school to conduct the measurement. Children were measured in a private space to ensure confidentiality. Data collection was conducted during the week of May 12-16, 2003 .
Principals in each sampled school distributed consent forms to parents of children in the selected classrooms 1 week before data collection. Parental consent forms used a passive consent mechanism, allowing parents to opt their child out of the study by submitting a signed refusal form. These were available in 9 languages. Each school received $500 of exercise equipment for participating in the study. The protocol for this study was approved by institutional review boards at DOHMH and the Department of Education.
Statistical Analyses
BMI-for-age was calculated by means of a child's weight, height, age, and gender information, as determined by growth chart formulas (2000 revision) provided by the Centers for Disease Control and Prevention and available at http://www.cdc.gov/growthcharts. BMIfor-age is an anthropometric index of relative weight recommended by both national and international expert committees. 12 For this study, the distribution of BMI percentile scores was analyzed to determine prevalence levels for ≥ 85th percentile (defined as overweight) and ≥95th percentile (defined as obese). Underweight was defined as at or below the 5th BMI percentile. Data were analyzed with SAS, Version 8 (SAS Institute Inc, Cary, NC), and SUDAAN, Version 8 (Research Triangle Institute, Research Triangle Park, NC) was used to generate variance estimates. Selection weights accounted for unequal probabilities of selection and nonresponse (including absenteeism and parental refusal). Poststratification weights were used to adjust the sample estimates according to race, gender, and grade. Use of official school rosters minimized missing demographic data. However, for weighting purposes only, missing race data were imputed on the basis of demographics of the school, and missing gender data were updated for children with names easily assigned to 1 gender. A final weight was generated that incorporated both the selection and poststratification weighting for analysis.
Standard errors were estimated with SUDAAN to account for the complex survey design. Weighted descriptive frequencies, 95% confidence intervals, and population estimates for select subgroups were generated. Multiple logistic regression (PROC RLOGIT) was used to assess independent demographic predictors of obesity.
RESULTS
Sixty-nine schools were included in the final sample; 1 school refused to participate. The 69 sampled schools were distributed across most (27 of 32) of New York City's school districts. In each of the 69 schools, 2 classes participated in the study (138 classrooms). Average class enrollment was 23 students (range 6 to 32). Of the 3069 students enrolled in the selected classrooms, 233 (7.6%) children were absent during data collection, 146 (4.8%) parents refused to allow their child to participate in the study, and 9 (< 1%) students were present in the classroom but no measurements were taken. Thus, the total sample on which height and weight measurements were takentotaled 2681 (87%) students. Nine of the 10 selected schools with no DOHMH nurse on site opted to have a trained DOHMH nurse complete the measurements.
The prevalence of overweight and obesity in New York City elementary school children was calculated by gender, grade, and race/ethnicity (Table 1) . Overall, 43% of public elementary school children in New York City were overweight, with a BMI-for-age at or above the 85th percentile, according to the Centers for Disease Control and Prevention age growth charts. One in 4 (24%) elementary school children were obese, and an additional 19% of children were overweight but not obese (between the 85th and 95th percentiles); 4% of children measured as under a normal weight. A high prevalence of obesity was observed in all, even younger, grades. Twenty-four percent of the kindergarten and first-grade students were obese. A slightly higher prevalence of obesity was found in boys (26%) compared with girls (22%), although this difference was not statistically significant.
Thirty-one percent of Hispanic children, 23% of Black children, 16% of White children, and 14% of Asian children were obese. When race-specific obesity rates were examined by grade, Hispanic children had the highest obesity for each grade group (Figure 1) . Almost 29% of Hispanic kindergarten and first-grade students were obese (31% among fourth-and fifth-grade students). For White children, obesity decreased in older grade groups. Nineteen percent of White kindergarten and first-grade students were obese, compared with only 11% of White fourthand fifth-grade students.
Race-and gender-specific rates indicated that Hispanic boys had the highest prevalence among school children in New York City (Figure 2 ). Thirty-six percent of Hispanic boys were obese, compared with 22% of Black boys, 18% of White boys, and 16% of Asian boys. Among girls, Hispanics and Blacks had higher rates of obesity (26% and 24%, respectively) than Whites (14%). Among Hispanic children, boys had significantly higher levels of obesity than girls (36% vs 26%).
In models simultaneously adjusting for grade, gender, and race, Hispanic and Black children both had significantly higher levels of obesity compared with White children, independent of grade and gender (Hispanic: odds ratio [OR] = 2.1; 95% confidence interval [CI] = 1.5, 2.9; Black: OR = 1.4; 95% CI = 1.1, 1.9). When gender-specific models were examined, Hispanic ethnicity was the only significant predictor among boys (OR = 2.3; 95% CI = 1.5, 3.5), whereas among girls levels of obesity were similarly elevated among both Hispanic (OR = 1.9; 95% CI = 1.2, 3.3) and Black (OR = 1.7; 95% CI = 1.1, 2.9) girls compared with White girls.
DISCUSSION
Findings from this survey demonstrate that almost 1 in every 4 children in New York City public elementary schools is obese. This corresponds to nearly 100 000 New York City elementary school students with serious weight conditions that place them at high risk for medical and psychosocial consequences. Childhood obesity is a growing national concern, and this survey confirms that it has become a major public health challenge in New York City.
In addition to the obese students, another 19% of elementary school children are overweight. In total, nearly half (43%) of elementary school children measured above the 85th percentile of BMI. This is a much larger proportion than the "expected" value of 15% and suggests that a true population shift in weight distribution has occurred. Intervention programs must therefore aim to target all students, with the broad goal of shifting that BMI curve back toward a healthier distribution.
An important finding in our analysis was the high rate of overweight among Hispanic children, particularly Hispanic boys. Comparing the results of this survey to 2 previous height-and-weight surveys in New York City elementary schools, 11, 13 we found that a larger increase in the prevalence of overweight has occurred among Hispanic children than in children of other racial/ethnic groups. Between 1996 and 2003, overweight prevalence among Hispanic third-grade students escalated significantly, from 21% to 31%, whereas the increase in other groups was less than 5 percentage points and not statistically significant. These findings suggest the need for additional focused intervention efforts in Hispanic communities, which include 40% of  ADDRESSING CHILDHOOD OBESITY  Reasons for the disparate increase across racial/ethnic groups are not well understood.
14 Differences in socioeconomic status, maternal BMI, dietary patterns, and adaptive biological mechanisms have been postulated as partial explanations. [15] [16] [17] Among Hispanic groups, research on overweight has shown both generational and geographic-origin differences. 15 Biologically, racial differences in insulin action have been documented. 16 Culturally, differences in attitudes toward weight have been found between racial groups. 17 Despite limitations in understanding the causes behind overweight disparities, most particularly in New York City's Hispanic children, it is essential to raise awareness in affected communities about the serious health risks associated with overweight for children, and the importance of developing a sustainable healthy diet and physical activity patterns early in life. Concomitant with the rapid rise in childhood obesity, increasing sedentary behavior and poor nutrition among children has been documented, 18 particularly among children of lower socioeconomic status. Studies have shown that poorer children are less likely to eat fruits and vegetables and more likely to have a higher intake of total and saturated fats. 19, 20 Efforts to treat childhood obesity have largely focused on attempts to improve nutritional intake and reduce sedentary behavior at the individual behavior level, 21 but opportunities to develop these practices must also be encouraged and made accessible through neighborhood-level interventions. This is supported by a previous survey in New York State elementary schools that found that low socioeconomic status was a predictor of heavier weight. 22 Although limited in number, school-based interventions to address childhood obesity and overweight have been modestly successful. Programs designed to improve nutrition, increase physical activity, and reduce television viewing have been shown to decrease overweight, improve dietary intake, and reduce sedentary behaviors in some children.
18, [23] [24] [25] The need for a concerted emphasis on nutrition and physical activity in both school and community settings is of critical importance to control overweight in New York City elementary school children. Treatment guidelines for addressing pediatric obesity in clinical settings recommend a careful assessment of child and family readiness to participate in a weight-management program. 26 Depending on a child's age and BMI percentile and the presence of medical complications, either weight maintenance or weight loss to achieve weight are recommended. Guidelines emphasize that all treatment efforts should involve the entire family and strive toward permanent behavioral change in diet and physical activity habits. This study has several limitations. First, this study was limited to children enrolled in public elementary schools in New York City, and private schools (in which approximately 20% of elementary school students in New York City are enrolled) were not part of the sampling frame. This not only limits the generalizability of our findings but also limits comparability to previous height and weight surveys in New York City, both of which included private schools. 11, 13 Unfortunately, we cannot compare the results of our findings to previous New York City public school subsamples (or understand the difference in prevalence between school types) because prior results were not published stratified by type of school. In 1989-1990, the New York State Department of Health examined second-and fifth-grade students in public and private schools in New York City (n = 1400). The Department identified that 20% of second-grade students and 18% of fifthgrade students were obese, numbers that were substantially higher than national figures at that time. 13 Seven years later, in 1996, the same researchers selected the third and sixth grades for another survey (n = 637). Findings from this survey were consistent with the first; 20% of third-grade students and 21% of sixth-grade students in New York City were obese, suggesting little change. 11 Both surveys used a multistage probability design to select students from both New York City public and private schools. Although the 2003 survey described in this article is not representative of private elementary school children, the larger sample size and higher response rate (87% vs less than 60%) ensures estimate precision and minimal selection bias in our public school findings. A second limitation refers to the accuracy level of data collected. Although data collection followed a standard protocol, digital scales were not used. Variability in data ascertainment may have introduced error into the prevalence estimates; however, we do not anticipate large or systematic differences.
Third, no additional information regarding students' nutritional or physical activity pat-terns was collected; thus, our findings were limited to describing the burden only.
In a large city such as New York, there are multiple agencies and organizations focusing on the health of children, yet better efforts are needed to coordinate physical activity and recreation opportunities, health services, health education, mental health services, community development, and nutrition and food services. Although evidence of successful intervention to reduce childhood overweight is sparse, improving nutrition and increasing physical activity are clearly key components to preventing overweight. In September 2003, a new program of nutrition standards for meals served in New York City schools was launched, including stringent recommendations for fat, calorie, and nutrient content. 27 The new school standards apply to food sold in vending machines as well as cafeteria meals. The need for improved physical activity and health education in schools also is being examined. The availability of local surveillance data on overweight can stimulate collaboration and program accountability between agencies, as well as raise public awareness about the magnitude and seriousness of the epidemic. 
About the Authors
